Mycobacteriurn leprae isolated from armadillo tissue incorporated radioactivity from D-['4C]gluCOSe and ['4Clprotein hydrolysate. In the presence of glucose, the rate of incorporation of [ ''C]pr~tein hydrolysate was increased. Uptake of glucose was inhibited by 2-deoxy-~-glucose and sodium azide; that of the amino acids was inhibited by puromycin and chloramphenicol and, weakly, by cycloheximide.
I N T R O D U C T I O N
Mycobacteriurn leprae, the causative agent of human leprosy, is an obligate intracellular parasite which has so far not been cultured either in cell-free media or in tissue culture. Since these organisms must obtain their nutrients from their host cells, the uptake of nutrients likely to be available in mammalian cells was studied. In this initial investigation the rates of uptake of ~-[U-'~C]glucose and [U-14C]protein hydrolysate by purified M . leprae were determined.
M E T H O D S
Bacterial suspensions. The bacterial suspensions were prepared from spleens of experimentally infected nine-banded armadillos (Dasypus noverncinctus Linn.) as previously described (Ambrose et al., 19 78; Khanolkar et al., 1981) . Both fresh tissue and tissue stored at -80 "C were used as sources of organisms. Sterility tests were undertaken to exclude the presence of fast-and slow-growing contaminants in the suspensions of M. leprae, before and after incubation. Uptake of labelled materials was measured at 34 OC on a roller-tube unit rotating at 1 rev. min-' in stoppered Dreyer's agglutination tubes containing 0.5 ml suspension. The effect of non-specific adsorption was compensated for by subtracting the counts obtained with heat-killed organisms from the uptake measured with live organisms.
Incorporation assay. Incorporation of labelled glucose was determined by incubating 5 x lo6 M. leprae in 0.5 ml 0.1 M-phosphate buffer (Na,HPO,/KH,PO,) pH 6.8 to which 0.25 pCi ~-[U-'~C]glucose (from Amersham: specific activity 260 mCi mmol-'; 9-6 GBq mmol-') was added in a volume of 10 pl.
Incorporation of labelled amino acids was determined by incubating 5 x lo6 M . leprae in 0.5 ml0-15 M-HEPES (N-2-hydroxyethylpiperazine-N-2-ethanesulphonic acid) buffer pH 7.2 containing 0-15 M-NaCl and 1 -1 mMMgSO,. 7H20 to which 0.25 pCi [U-L4C]protein hydrolysate [from Amersham: specific activity 57 mCi (mmol C)-l; 2.1 GBq (mmol C)-'l was added in a volume of 10 pl, The bacteria were washed three times with ice-cold saline by centrifugation. The bacterial pellet was dissolved in 0.05 ml Soluene (Packard) and transferred to scintillation vials containing 10 ml Dimilume (Packard) for counting.
Inhibitors. Inhibitors were added as aqueous solutions to the reaction mixtures described above, at the beginning of the incubation period. The volume added in each case was 10-20 pl. 2-Deoxy-D-glucose was used at a final concentration of 100 p~, puromycin at 0 -0 0 1 4 . 1 mM, sodium azide at 3 mM and cycloheximide at 0.001-1-0 mM (all obtained from Sigma). Chloramphenicol was obtained from Parke-Davis and used at a final concentration of 300 p~. Assays of uptake were as described previously (Ambrose et aZ., 1978) and in Methods. Uptake is expressed as nmol (mg dry wt)-' 11 mg M. leprae corresponds to about 2.5 x 10' O bacteria (Draper & Miseil, 1977) l. The points represent the means of eight determinations: the bars represent standard deviations.
R E S U L T S A N D D I S C U S S I O N
The amount of label found in the bacteria increased with time up to 6 d but then declined in the case of glucose (Fig. 1 a) or reached a plateau in the case of amino acids (Fig. 1 b) . The rate of incorporation of amino acids was higher in the presence of glucose (Fig. lb) , suggesting that M. Zeprae can utilize glucose as an energy source.
During the first 3 d incubation, the rate of uptake of D-glucose by bacteria isolated from tissue stored at -80°C was slightly higher than by bacteria isolated from fresh tissue. However, the difference was not statistically significant. After 6 d incubation, bacteria from stored tissue lost radioactivity rapidly while the bacteria from fresh tissue did not (Fig. 1 a) .
The effect of various inhibitors on uptake of [ ''C]glucose and [ ''C]pr~tein hydrolysate was tested. Sodium azide (3 mM) completely inhibited the uptake of ['4C]glucose by M. leprae and 2-deoxy-~-glucose (100 PM) resulted in 70-80 % inhibition over a 6 d incubation period. The effectiveness of these inhibitors in inhibiting incorporation of glucose lends further support to the view that M. leprae metabolizes glucose. That puromycin (0-001-0-1 mM) and chloramphenicol (300 ,UM) inhibited incorporation into the cold trichloroacetic acid-insoluble material by 80-90% supports the view that the amino acids are used for protein synthesis. Chloramphenicol inhibits bacterial protein synthesis but not eukaryotic protein synthesis (Mahler & Cordes, 197 1) . Its efficacy here shows that incorporation by M . leprae suspension is not a function of residual host material. Rather surprisingly, cycloheximide, an inhibitor of eukaryotic protein synthesis (Mahler & Cordes, 197 l) , was found to have a weak effect on protein synthesis (Table l) , but this inhibition developed slowly whereas puromycin and chloramphenicol showed maximum inhibition after 24 h. Considerable variation was found in the general levels of labelling among the suspensions obtained from different armadillos. However, statistically significant evidence for the incorporation of D-glucose (comparing live and heat-killed M . leprae by the paired t-test, P = <O.Ol) and of the amino acids mixture (paired t-test, P = <0.01) by M. leprae was obtained, as well as for the effect of the inhibitors. These studies indicate therefore that glucose is taken up by live suspensions of M . leprae and that this uptake is linked to respiration. It is also concluded that the energy requirement for the utilization of amino acids for macromolecular synthesis and bacterial function can be provided by glucose, the basic energy source for human cells, in which the organism occurs as a parasite. In earlier studies using labelled metabolites with bacilli obtained directly from human biopsies it had been found that M . leprae incorporated labelled 3,4-dihydroxyphenylalanine (DOPA) (Ambrose et al., 1974) , in support of the evidence of Prabhakaran et al. (1975) that M. leprae contains a DOPA oxidase; bacilli from human biopsies also incorporated thymidine. The present labelling studies provide evidence of other functional metabolic pathways and may lead to a more complete understanding of the basic metabolism of this 'uncultivable' pathogen.
